sequence tags as described here relies on all proteins from an organism being in sequence databases. In this manner, if only one protein within a given pI and mass range is found with a certain amino-or carboxy-terminal sequence tag, one can be confident that there is no other, as yet undescribed, protein that could otherwise match the tag. In fully sequenced organisms, the procedure is thus self-checking. The specificity of sequence tags may be an issue in larger organisms: whereas there are (for example) 3 200 000 combinations of five amino-acid tags, protein amino termini have biased sequences and many amino termini are shared. However, protein carboxyl termini have almost random sequences (data not shown) so their sequence tags should be more specific. Other factors to consider will be the accuracy of sequence data that can be obtained from proteins purified from twodimensional gels, and the accuracy of prediction of protein open reading frames in genome/proteome databases. Large-scale protein characterization projects will define the effect of these factors and thus the utility of sequence tags for protein identification.
Fibronectin type III domains in yeast detected by a hidden Markov model Alex Bateman and Cyrus Chothia
Proteins containing fibronectin type III (FnIII) domains play a central role in many intercellular processes: they are part of many cell-surface receptors, adhesive matrix proteins and cell adhesion molecules. FnIII domains are also found in the giant muscle proteins, titin and twitchin. The occurrence of FnIII domains in prokaryotes led to speculation that these domains existed in the last common ancestor of prokaryotes and animals [1] . However, it has been argued that the currently known prokaryotic examples were obtained from a horizontal transfer of a single domain from animals -that this protein arose late in evolution, and is unlikely to occur in plants or fungi [2, 3] .
Here, we report evidence that three fungal proteins, L8543.18 and YEF3_YEAST of Saccharomyces cerevisiae and the L8543.18 homologue from Schizosaccharomyces pombe, contain FnIII domains. The evidence for this comes from a hidden Markov model (HMM) [4, 5] of the amino-acid residues that determine the FnIII protein fold, and is supported by other calculations. From alignments of the sequences of a protein family, an HMM can be built to encode the probabilities of different residues occurring at particular sites. The model can then be used to detect other sequences that are likely to be very distant members of the proteinfold family [6] . We built an HMM from a multiple alignment of 434 FnIII domains, and used it to search for FnIII domains in the yeast protein database release 4.1 [7] .
Residues 76-166 of the sequence L8543.18, and residues 35-125 of YEF3_YEAST, matched the HMM with scores of 39.5 and 21.5 bits, respectively. We found a homologue of L8543.18 in cosmid c6G9 of the genomic data for S. pombe, using the program tblastn [8] (see Fig. 1a ). Residues 77-167 of this sequence match the FnIII HMM with a score of 32.4 bits. The HMM score is the logarithm to base 2 of the probability of the sequence matching the HMM, divided by the probability of a randomly generated sequence matching the HMM. The next highest match, SVS1, scored 9.4 bits. We would expect a score of 12 bits to be significant against a database of this size. HMM scores of 39 and 21 bits are highly reliable indicators of sequence homology, in our experience. We therefore expect that the yeast domains have an FnIII-like fold. However, we did try other methods to verify our results: database searches with BLASTP [8] , key residues analysis [9] , and PHD [10] secondary structure prediction.
BLASTP [8] found matches between the 'FnIII' sections of the yeast proteins and known animal FnIII domains in the SWISS-PROT database [11] . The top match against the L8543.18 protein was the FnIIIcontaining receptor tyrosine kinase KEK4_CHICK, with a p value of 7.5 ϫ 10 -4 . The best match against YEF3_YEAST was FINC_CHICK, the fibronectin protein in chicken, with a p value of 2.0 ϫ 10 -3 . Note that these matches were found using only the 'FnIII' portion of the two S. cerevisiae proteins. If the whole sequence of L8543.18 is used, the first protein with an FnIII domain to be matched is NCA1_MOUSE at rank position 284, with a p value of 0.56; for the whole sequence of YEF3_YEAST, the first such match is NCA2_XENLA at rank position 380 and with a p value of 0.96. Routine BLASTP analysis would not, therefore, find the yeast FnIIIlike sequences.
Key residues are those that, through their packing, hydrogen bonds or unusual torsion angles, play the major role in determining the three-dimensional structure of a protein. These residues tend to be strongly conserved, in type if not in identity, over long evolutionary periods, and they can be used to detect distant evolutionary relationships. We have defined the key residues of several FnIII domains of known structure [9] . Figure 1b shows a comparison of the residues at key sites in the yeast FnIII domains with those in three domains of known structures [12, 13] . The yeast sequences aligned to the known structures share identical residues at only 8-16 sites. Inspection of the alignment, however, shows that, to a very large extent, the key residues in the core of the known structures are the same or conservatively substituted in the two new sequences. The key residues in the core of each of the predicted S. cerevisiae FnIII domains are shown schematically in Figure 2 . The key residues of the S. pombe homologue of L8543.18 are the same as, or very similar to, those found in the S. cerevisiae form. All the residues found at core sites of the yeast domains can be found in the sequences of animal FnIII domains.
The known FnIII structures contain two ␤ sheets, one with three strands (ABE) and the other with four (GFCC′). The sequences of the yeast domains were submitted to the PHD secondary structure prediction server [10] . For each of [12, 13] . The S. pombe homologue of L8543.18 is denoted Pombe. Regions in the yeast sequences that are expected to have the same structure as one of the known structures are shown in upper case; regions expected to differ in conformation are shown in lower case. The secondary structure (marked 'Strand') of the known FnIII domain structures is shown, as is the PHD secondary structure prediction (marked 'PHD') [10] of the single yeast domains: residues predicted to be in an extended conformation are marked by -and those predicted to be in a helical conformation by +. Key residues important for the structure of the FnIII fold are shown in red [9] . The chemical nature of these sidechains is largely conserved, implying structural similarity of the yeast domains to the known structures. (c) The location of FnIII domains within the S. cerevisiae proteins. the yeast proteins, PHD predicts strand conformations in regions equivalent to the A, B, C, E, F and G strand regions in the known structures (Fig. 1b) . PHD has an expected accuracy of above 72%, based on predictions of known structures [10] , and the predictions for the yeast sequences agree very well with those for proteins of known structure. Using the seg program [14] , much of the yeast proteins' sequence is found to be of low complexity (see Fig. 1c ). The yeast protein database notes that L8543.18 protein is similar in sequence to neurofilament triplet H protein, whereas Genequiz [15] notes that it is most similar to a circumsporozoite protein from Plasmodium yoelii. However, these similarities are in low complexity regions, so the sequence similarity is unlikely to be of biological relevance. The function of L8543.18 is uncertain, but it is known to be required for chitin synthase III activity [16] . The function of YEF3_YEAST is at present unknown.
The evidence for the proposal of horizontal transmission of eukaryotic FnIII to bacteria is based on two arguments: there are examples of related bacterial proteins which lack the FnIII domains, and phylogenetic analysis suggests that the FnIII domains were acquired recently [2, 3] . In the case of yeast FnIII domains, no homologues lacking FnIII domains have been found. Also, at least in the case of L8543.18, it is found in both S. pombe and S. cerevisiae, which diverged some 1 000 million years ago [17] . So, at present, it is reasonable to assume that the FnIII domain was present in the common ancestor of yeast and animals. The conservation of core residues between neuroglian domain 2 and YEF3_YEAST and S. cerevisiae L8543.18. Strands A,B and E are shown in pink. Strands G,F C and C′ are shown in black. The buried core residues are shown in boxes, using the single-letter aminoacid code. Hydrogen bonds are denoted by thin horizontal lines. Other residues are represented by ovals. The C′ strand is found to assume varied conformations in the known structures, so the yeast sequences are not shown. 
Gazetteer Tsukuba Science City
Where is it? Sixty kilometres northeast of Tokyo and forty from the airport -just far enough to be inconvenient for both. The city has an estimated population of 180 000 and covers an area of about 27 km 2 . Are there any famous research institutes? The Tsukuba Life Science Center (RIKEN) has an international reputation in basic biology, but perhaps one of the most successful institutes is the high energy physics laboratory, housing the photon factory which has become internationally known as a source for X-ray crystallographers. The favourable terms given to foreign research groups often make it more economical (and even sometimes more convenient) to hop on a plane to Japan than to use a local synchrotron source.
How old is it?

Is it a popular place to work?
Tsukuba has been successful in many ways, and for the young Japanese family its merits are clear. Nice new homes are available at affordable prices and there are many parks and amenities to make life comfortable. The plans afoot to cut the 'Tsukuba allowance', which was originally made to compensate scientists for the move away from Tokyo, from the salaries of some 10 000 employees of national labs is bound to reduce satisfaction levels, however. 
